Abstract: A novel amylolytic enzyme producing thermophilic bacterial strain KP1 from the Diyadin hot spring water in Agri, Turkey, was isolated in the present study. Phylogenetic analysis based on the partial 16S rRNA gene, biochemical and physiological tests revealed that the strain KP1 belongs to the genus Anoxybacillus. The pH and temperature optima for the α-amylase production by Anoxybacillus sp. KP1 were 8.0 and 50
Introduction
Today, because of decreasing natural sources, microorganisms are seen as having potential in a lot of production areas and dense studies are being conducted on this issue. The advantages of enzymes of microbial origin, because of being economical in industrial production and not being bound to seasonal and potential limitations, have long been defended (Topal et al. 2000) .
Extracellular enzymes that degrade starch in different environmental niches are produced by a great number of bacteria, fungi, and yeasts. A variety of polysaccharide hydrolyzing enzymes suitable for various industrial applications have appeared in the last few decades, thus leading to the screening of these enzymes for novel properties (Sharma & Satyanarayana 2012) . Thermostable enzymes, mainly isolated from thermophilic organisms, have found a lot of commercial application fields because of their general intra-stability (Haki & Rakshit 2003) . The advantages of such enzymes are as follows: having high catalytic activities, not producing unwanted side-products, being more stable and cheaper, availability in high amounts and purity (Nascimento & Martins 2004) . Moreover, lots of enzymatic reactions that are used commonly in industry, are realized at high temperatures. Industrial applications of thermostable amylases have advantages, such as decreasing contamination risk, increasing diffusion rates, being resistant to denaturing agents, solutions, and proteolytic enzymes (Saxena et al. 2007) .
α-Amylase (EC 3.2.1.1) is an enzyme that hydrolyses internal α-1,4-glycoside linkages of α-glucans, such as starch and glycogen (Kumagai et al. 2013) . Amylases are used in filling of pores of texture and papers, desizing of starch in woven texture in textile, in removing food and starch stains in dry cleaning, in food biotechnology in the following applications: bakery, liquefying doughs, production of starch hydrolysis products such as glucose and fructose, production of corn and chocolate syrup, production of low-calories beer, in purification of apple and pear juice, malt production, in removing stickiness in paper industry, in detergent industry as well as in medical industry (Gupta et al. 2003; Ul-Haq et al. 2003; Apar &Özbek 2004) .
Currently, scientists have great interest in studying thermophilic Anoxybacillus, since knowledge accumulated from fundamental and applied studies suggests that this genus can serve as a good alternative in many 420 F. Matpan Bekler & K. Güven environmental, enzyme and biotechnology applications (Goh et al. 2013) .
All identified Anoxybacillus species are thermophilic, Gram-positive, aerobic, spore-forming, rodshaped bacteria identified differently from Bacillus. To date, identified and amylolytic enzyme producing Anoxybacillus species, which have been deposited in the GenBank database (Benson et al. 2013 T ). The purpose of this study was to isolate thermophilic bacteria from mud and water of Diyadin hot spring (Köprü hot water) in Agri, in North-Eastern Turkey. Thermophilic bacteria are well known to be of great importance, since they are the source of industrially used enzymes. Therefore we investigate the industrially important amylolytic enzyme production ability of these bacteria and certain characteristics of this enzyme. In addition, this study attaches great importance as Köprü hot water was a source not studied before with regard to bacteria isolation; this will thus be a guiding study in determining the diversity of bacteria of thermophilic characteristics from geothermal waters of Turkey.
Material and methods

Bacterial strain
In this study, the strain KP1 was used, which was isolated from the Köprü hot water (39 • 29 35 N, 43 • 39 1 E) (temperature 50
• C, pH 7.4) of Diyadin township of Agri Province, in North-Eastern Turkey. Thermal mud samples were diluted with 1% sterilized water and were then plated onto nutrient broth (Sigma) agar plates. Before the inoculation, all of the samples were treated at 80
• C for 10 min in order to isolate only the spore-forming microorganisms. The inoculated plates were incubated for 48 h at 55
• C in order to obtain colonial growth. The cells grown were collected with sterile medium and used for the inoculation of 33 mL of medium in 250 mL Erlenmeyer flasks. The selected organisms were identified by morphological and some biochemical and physiological tests, as well as by partial 16S rRNA sequence. Partial 16S rRNA analyses of the isolates obtained were conducted by Ref-Gen (METU Technocity/Ankara). The sequences consisting of about 826 nucleotides of the 16S rRNA gene were determined. These sequences were compared with those available in the GenBank database using a BLAST search (http://www.ncbi.nlm.nih.gov/blast/). The 16S rRNA gene sequences of the species most closely related to our strain were retrieved from the database. Phylogenetic tree was constructed using the software package CLC Sequence Viewer 6.0 (http://www.clcbio.com/products/clcsequence-viewer/).
Growth medium and optimization of the culture The inoculum was routinely grown in nutrient broth medium composed of (g/L): beef extract, 10; peptone, 10; NaCl, 5; the pH was adjusted to 7.0 prior to sterilization. The media were autoclaved at 120
• C for 20 min. The cultivations were performed in a shaker for 4-64 h at 55
• C in 250 mL Erlenmeyer flasks with a working volume of 33 mL. Growth was determined by measuring the increase in OD470. The effect of pH on the growth was determined in the range of 4.0-11.0, with 1.0 pH steps using citric acid (for pH 4.0-6.0), Tris-HCl (for pH 6.0-9.0), and glycine-NaOH (for pH 10.0-11.0) buffers at a concentration of 0.1 M. The pH values were adjusted at room temperature. The influence of temperature on the growth was determined at an optimum pH at different temperatures (30-75
• C) with 5
• C steps under shaking.
Amylolytic activity
The cultures were centrifuged at 8,200×g for 10 min at 4
• C and the cell-free supernatants were used for the estimation of amylolytic enzyme activities. The enzyme activity was determined according to Bernfeld (1955) . According to this method, 100 µL of enzyme solution and 200 µL of starch solution at 0.5% (from potato) were incubated for 30 min at 70
• C. At the end of this duration, in order to stop the reaction, 400 µL of 3,5 dinitrosalicylic acid was added and it was kept in a boiling water bath for 5 min. Next, after making a dilution using 3 mL of distilled water, the spectrophotometric measurement was conducted at 489nm. One unit of the amylase activity was defined as the amount of enzyme that released 1 µmol of maltose per minute per mL under the assay conditions. The protein content in the extracellular extracts was determined by the Lowry method (1951) using bovine serum albumin as a standard in this procedure.
Process optimization for the maximum α-amylase production In order to determine the effect of different media on the α-amylase production, 500 µL of the obtained isolate was inoculated into 25 mL of nutrient broth (25 g/L), basal medium A (BMA) (0.2% beef extract, 0.2% peptone and 0.1% NaCI), basal medium B (BMB) (0.1% beef extract, 0.1% peptone and 1% NaCI), and basal medium C (BMC) (2% soluble starch, 0.2% yeast extract, 1% beef extract, 0.02% CaCl2 and 0.01% MgSO4.7H2O) in 100 mL Erlenmeyer flasks and cultivated at an optimum temperature in a shaker for 24 h. The α-amylase enzyme activity of this isolate was then carried out at optimum conditions.
Effect of the incubation time on bacterial growth and α-amylase production One hundred mL of BMA was chosen for determining the effect of incubation time on bacterial growth and α-amylase production at optimum conditions. One mL of the isolate was inoculated and samples were taken at the end of every 4 th hour over a 48-h period and growth was determined by measuring the increase in OD470 after which was centrifuged at 8,200×g. Bacteria were then precipitated and a supernatant was used for the α-amylase activity. Effect of the carbon and nitrogen sources on the α-amylase production In order to determine the effect of various carbon and nitrogen sources on the enzyme production, 500 µL of the obtained isolate was inoculated into 25 mL of BMA containing various 2% carbon sources (such as glucose, lactose, sucrose, fructose, galactose and soluble starch) and various nitrogen sources (such as bacto liver, casamino acid, glycine, tryptone, urea and ammonium sulphate) in 100 mL Erlenmeyer flasks. The α-amylase enzyme activity of this isolate was carried out.
Effect of various starches and raw starches on the α-amylase production Strain KP1 was grown in BMA liquid medium containing various concentrations (0.5%, 1%, 1.5%, 2% and 3%) of different starch sources (soluble, potato, rice and wheat starch) and 2% raw starch sources (wheat, corn and rice starch) in order to study their effect on the enzyme production.
Characterisation of the partially purified enzyme The amylolytic enzyme was partially purified by 80% ammonium sulphate saturation. The characterization of enzyme in the following experiments was carried out on partially purified enzyme.
Effect of pH on the activity and stability of the α-amylase The optimum temperature and pH were measured by a colorimetric method, using soluble starch as a substrate. The effect of pH on the activity of the partially purified α-amylase was measured in the range of 4.0-11.0, using the appropriate buffers at a concentration of 0.1 M (4.0-6.0, sodium citrate; 7.0-8.0, Tris-HCl; and 9.0-10.0, glycineNaOH) under standard assay conditions. For the measurement of the pH stability, enzyme was pre-incubated in buffers at different pH values in the range of 4.0-11.0 for 1 h at 55
• C. Aliquots were withdrawn and the residual amylolytic activity was determined under standard assay conditions.
Effect of temperature on the activity and stability of the α-amylase The effects of temperature on the α-amylase activity was studied at temperatures from 20 to 80
• C, using soluble starch as a substrate for 30 min in 0.1 M Tris-HCl buffer at an optimum pH. The thermostability of the partially purified enzyme was examined by incubating the enzyme for 30 min at different temperatures. Aliquots were withdrawn at the desired time intervals to test the remaining activity under standard conditions. The unheated enzyme was considered as the control (100%).
Effects of some metal ions and SDS on the α-amylase activity The effect of some metal ions and sodium dodecyl sulphate (SDS) on the partially purified (after 80% ammonium sulphate saturation) amylolytic enzyme activity was studied by pre-incubating the enzyme in the presence of substances with a final concentration of 1.5 mM (Ca 2+ , Mn 2+ , Cu 2+ , Hg 2+ and SDS) for 30 min at 37
• C, and then performing the assay at the optimum temperature. All of the metals used were in the chloride form. The activity in the absence of any additives was taken to be 100%. The residual activity was measured using the standard assay conditions.
Statistical analysis
The results were presented as the mean ± standard deviations (SD) of at least 3 experiments. Mann-Whitney U test was done with the MedCalc Statistical software (for Windows; http://www.medcalc.org/).
Results and discussion
Bacterial strain
In recent years, researchers have conducted many studies on isolation of microorganisms that possess thermophilic characteristics. With regard to Anoxybacillus, initially Pikuta et al. (2000) reported thermophilic Anoxybacillus species as Anoxybacillus favithermus 
DSM 2641 and Anoxybacillus pushchinoensis DSM 12423
T and stated that these were different from Bacillus species but belonged to Bacillacea. In later studies, Belduz et al. (2003) and Dulger et al. (2004) Chai et al. (2012) also isolated thermophilic Anoxybacillus sp. DT3-1 and SK3-4 from two hot springs in Malaysia. Anoxybacillus beppuensis TSSC-1 was isolated from a clay-type soil sample from the hot spring reservoir in Tulsi Shyam, Gujarat, India (Kikani & Singh 2012) . They described that the species belong to Anoxybacillus genus and were generally aerobe (or facultative aerobe), gram-positive, motile, spore forming, rod-shaped, and positive for catalase, oxidase starch hydrolysis activity. Table 1 shows some characteristics that distinguish the current Anoxybacillus sp. KP1 from other Anoxybacillus species. The relationship of partial 16S rRNA sequences of Anoxybacillus sp KP1 with other Anoxybacillus species that produce amylolytic enzymes is shown in Figure 1 . It can be seen that the partial 16S rRNA sequences determined for the strain KP1 was identified as Anoxybacillus sp. KP1 (GenBank Accession No.: KC525949) isolated from Köprü hot water, Diyadin.
Growth optimization of the culture and determination of amylolytic activity Four different media namely, nutrient broth and BMA, BMB and BMC were used for determining optimal bacterial growth and enzyme production. The highest α-amylase activity was obtained at 40 th h incubation (8979.6 U/mL) in BMA using the Bernfeld mehod (1955) . The BMA medium was chosen for following experiments. The results of the time-course studies on the growth of Anoxybacillus sp. KP1 and the α-amylase production is shown in Figure 2 . The maximum growth was obtained at 28 th h of incubation for Anoxybacillus sp. KP1. It was determined that the optimum temperature and pH for the growth of Anoxybacillus sp. KP1was 50
• C (Fig. 3 ) and 8.0 (Fig. 4) , respectively. The similar optimum temperature value was obtained for Anoxybacillus ayderensis NCIMB 13972T (Dulger et al. 2004) and Anoxybacillus contaminans DSM 15866T (De Clerck et al. 2004) as 50
• C, while it was found to be 54
• C for Anoxybacillus voinovskiensis NCIMB 13956T (Yumoto et al. 2004 ), 55-60
• C for Anoxybacillus gonensis NCIMB 13933T (Belduz et al. 2003) , 61
• C for Anoxybacillus amylolyticus DSM 15939T (Poli et al. 2006) , 62
• C for Anoxybacillus pushchiensis KT (Pikuta et al. 2000) and finally 65
• C for Anoxybacillus bogrovensis (Atanassova et al. 2008) . The optimum pH for these species were as follows: 7.5-8.5 for A. ayderensis NCIMB 13972T (Dulger et al. 2004 ) and A. gonensis NCIMB 13933T (Belduz et al. 2003) , 7.0-8.0 for A. voinovskiensis NCIMB 13956T (Yumoto et al. 2004 ) and 8.0 for A. bogrovensis (Atanassova et al. 2008 ). Our findings demonstrate that the studied strain KP1 is alkaliphilic and moderately thermophilic Anoxybacillus sp.
Effect of the carbon and nitrogen sources on the α-amylase production As shown in Figure 5 , the best substrate for the α-amylase production for Anoxybacillus sp. KP1 was 2% soluble starch (10745.2 U/mL). Kikani & Singh (2012) investigated the effect of carbon sources on the production of α-amylase by Anoxybacillus beppuensis TSSC-1 and they determined that the production of α-amylase was increased in the presence of soluble starch. Yang et al. (2012) reported an amylase production increase in the presence of soluble starch for Anoxybacillus sp. YIM 342. Behal et al. (2006) reported that the maximum α-amylase production was increased by fructose. Our findings are supported by the results of previous researchers. In our study, with glucose, galactose, or sucrose as the carbon source, only a low basal level of α-amylase was produced and the α-amylase levels decreased immediately after the addition of the glucose (Fig. 5) . It is well known that the synthesis of carbohydrate degrading enzymes in most species of the genus Bacillus is subjected to catabolic repression by glucose (Wind et al. 1994; Asgher et al. 2007 ) and sucrose (Qader et al. 2006) .
Among the various organic and inorganic nitrogen sources tested, while keeping the beef extract concentration constant, casamino acid (14310.6 U/mL), urea (14126 U/mL) and tryptone (13217.2 U/mL) at a concentration of 2% gave the maximum α-amylase production (Fig. 6) for Anoxybacillus sp. KP1. Malhotra et al. (2000) , Parakash et al. (2009) and Yang et al. (2012) determined that the production of α-amylase was also increased in the presence of tryptone. It should be noted that it is the first record showing that casamino acid increases the maximum production of amylase in similar species. However, bacto liver and ammonium sulphate inhibited the α-amylase production in Anoxybacillus sp. KP1. Saxena et al. (2007) also reported that ammonium salts had an inhibitory effect on the amylase production.
Effect of various starches and raw starches on the α-amylase production The results in Figure 7 display the reducing sugar production from the hydrolysis of the various starches and raw starches at 50
• C by the enzyme obtained from Anoxybacillus sp. KP1. The highest amount of reducing sugars was liberated from 2% soluble starch (10837.7 U/mL) followed by 1% potato starch (9782.3 U/mL), while the production of reducing sugars from the wheat starch, rice starch, corn raw starch, rice raw starch, and wheat raw starch were low in comparison with control. Malhotra et al. (2000) , Ul-Haq et al. (2003) and Parakash et al. (2009) similarly found that the production of α-amylase was higher in the presence of soluble starch, and it was greatly inhibited in the presence of wheat starch. Konsula & Liakopoulou-Kyriakides (2007) found that the extracellular α-amylase produc- tion decreased in the presence of wheat flour.
Characterisation of the partially purified amylolytic enzyme The amylolytic enzyme was partially purified by 80 % ammonium sulphate saturation. Enzyme activity staining (zymogram) performed using the native PAGE (Yang et al. 2004 ) revealed one major stained band appearing after staining. It was found that mainly soluble starch is hydrolysed, but not pullulan as the substrate.
Effect of pH on the activity and stability of the α-amylase The effect of pH on the α-amylase activity was studied using soluble starch as a substrate at various pH values at 55
• C. The pH activity profile of this enzyme is shown in Figure 8 . The optimum pH was found to be 8.0. Previous studies also reported similar optimal pH value of 8.0 for Anoxybacillus pushinoensis (Farahmand et al. 2009 ) and both Anoxybacillus sp. DT3-1 and Anoxybacillus sp. SK3-4 (Chai et al. 2012) .
The Anoxybacillus sp. KP1 α-amylase was very stable in a pH range of 6.0-10.0 and retained around 70% activity after 1 h of incubation at 50
• C. Being 8.0 as the optimum pH, the activity decreased above pH 10.0 (Fig. 8) . Anoxybacillus beppuensis TSSC-1 α-amylase was stable at pH 7.0 (Kikani & Singh 2012) . It was determined that the α-amylases from Anoxybacillus sp. DT3-1 and Anoxybacillus sp. SK3-4 were stable in the pH range of 6.0-9.0 (Chai et al. 2012 ).
Effect of temperature on the activity and stability of α-amylase The supernatant amylolytic activities were assayed at different temperatures. The Anoxybacillus sp. KP1 α-amylase activity increased with temperature upto 60
A reduction in the enzyme activity was observed at temperatures above 70
• C (Fig. 9) . The optimum temperature for the Anoxybacillus sp. KP1 α-amylase was found to be 60
• C, which is comparable to those de- scribed for other Anoxybacillus α-amylases (Poli et al. 2006; Farahmand et al. 2009; Chai et al. 2012; Kikani & Singh 2012) . These are the properties considered to be very important for industrial starch liquefaction. From these results, the enzyme seemed to have considerable thermostability, which can be favourable in industrial operations for traditional brewing and food processing, where the temperatures for pasteurization could be used to inactivate the enzymes after fermentation (Stamford et al. 2001; Lui & Xu 2008) .
For the thermal stability estimations, after the preincubation of the partially purified enzyme for 30 min at temperatures of 60, 65, 70, 75, and 80 • C, it was found that the Anoxybacillus sp. KP1 α-amylase could be active up to 70
• C (Fig. 10) . Kikani & Singh (2012) have reported that the Anoxybacillus beppuensis TSSC-1 purified α-amylase was highly stable for 24 h at 50 Effects of metal ions and enzyme inhibitors The effect of different metal ions on the activity of the α-amylase is shown in Table 2 . The Anoxybacillus sp. KP1 α-amylase was activated by Cu 2+ and Mn 2+ (relative activity, 104% and 123%, respectively), whereas Ca 2+ and SDS decreased the activity by 22% and 89%, respectively. The unenhanced activity in the presence of Ca 2+ was also confirmed for calcium-independent amylases reported previously by Kikani & Singh (2012) for Anoxybacillus beppuensis TSSC-1. In our study, the α-amylase activity was strongly inhibited in the presence of Hg 2+ . Konsula & Liakopoulou-Kyriakides (2004) , Najafi et al. (2005) , Behal et al. (2006) , Asgher et al. (2007) and Hmidet et al. (2008) stated that a stronger inhibitory effect was observed in the presence of Hg 2+ .
The inhibition by Hg
2+ may indicate the importance of indole amino acid residues in enzyme function, as has been demonstrated for other microbial α-amylases (Gupta et al. 2003) . Furthermore, Hg 2+ is known to oxidize indole rings and to interact with the aromatic rings present in tryptophan residues (Lui et al. 2010; Sharma & Satyanarayana 2012) . It was also found that 1% SDS inhibited the amylase activity by 89%. Aygan et al. (2008) reported that SDS was the most effective effector that shows the proportion of the hydrophobic amino acid composition of the enzyme. Chai et al. (2012) determined that the α-amylase activity was strongly inhibited in the presence of 1% SDS.
Conclusion
In this study, an isolate from Köprü, a hot-spring reservoir in Diyadin in Turkey, was characterized as a member of Anoxybacillus genus using 16S rRNA sequences as well as biochemical and physiological characteristics. This moderately thermophilic and alkaliphilic bacterium named Anoxybacillus sp. KP1 (GenBank Accession No.: KC525949) produces extracellular thermostable α-amylase. There are several reports on α-amylase from Anoxybacillus species. The studied enzyme was found to be economical and stable at higher temperature which has the potential for being used in many commercial applications, such as starch, food, detergent and pharmaceutical industries.
